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SUMMARY 

A wing-fuselage  force  model  configuration  and the fuselage  alone 
have  been  tested  at  angles  of  attack  up  to 32O in the  Langley 16-foot 
transonic  tunnel.  The  force and mment characteristics  obtained f r o m  
these  tests  are  presented with comparable  measurements  obtained f r o m  
previous  tests of the  identical  model  and  with a model  geometrically 
s h i l a r  but  three  tbnes as large in the Langley  8-foot and 16-foot 
transonic  tunnels,  respectively.  The  agreement of the  conq?ared  results 
indicates  that  boundary-interference  effects are of small magnftude  for 
+he particular  configurations tested. 

The investfgation of the  accuracy etnd reliability of aerodynamic 
data obtained from transonic  wind  tunnels  involves  four major problems. 
These  problems we: (1) tunnel-flow uniformity, (2) blockage, (3) lift 
interference,  and (4) at  supersonic speeds, the  reflection of didxrbances 
from the  test-section bouudary. The  reduction of soUd blockage  inter- 
ference  by a slotted-wall  test  section wa6 reported in reference 1. In 
these  tests,  closed  tunnel choking was eliminated and l o w  supersonic 
velocities were attained.  The attabment of -roved flow uniformities 
Fn this  tunnel is described in reference 2. Based on these  results,  the 
Langley 8-foot and 16-foot  tunnels  were  modified  to  slotted  transonic 
tunnels, and the  calibration  results of these  tunnels as presented in 
references 3 and 4, respectively,  indicated  the  attainment of uniform 
flows.  Comparisons of pressuredistribution  results P m m  tests on 
nonlifting models in these  tunnels  with  those from free-fall  tests 
(refs. 3 and 5) showed  negligible  tunnel  interference-effects  at  subsonic 

Y 



2 NacA EM L52L.29 

speeds and s m a l l  though significant  Interference due t o  boundpuy- 
reflected  disturbances a t  low %upersonic  speeds. 

The tunnel boundary effects on liftin@;-model characteristics 
obtained in slotted f;es.t sections have been the  subject of recent  inves- 
tigation. Unpublished theoretical solutions i n  the subsonic  range show 
that  for-model  sizes  currently  tested i n  these  tunnels,  the  corrections 
t o  the  .lift-curve slope may be neglected. Reference 6 provides an 
experimental  indication of  tunnel-wall  effects on reflection-plane model 
l i f t i n g  wLngs in a slotted  tunnel. Other cuimently available data 
( re f .  7) indicate that under some conditions of testing  the  effects of 
boundary-reflected  disturbances at supersonic speeds may be voided by 
interpretation of tes t   resul ts .  

Some additional information concerning boundary-interference effects - 

in  slotted  tunnels on force and merit characteristics of l i f t i n g  models 
has been made available by the completion of a series of t e s t s  of 
typical .trELnao+.c wing-fuse-e & fuse lege-ane  modeu i r ~  the Langley 
&foot and 8-fOoCtr6iiionic. tmnels  . A wing-fuselage configuration and 
the fuselage  alane,  typical OP'the size tested i n  the 8-foot tminel, 
have been tested Fn. both. the 8-foot ( re f .  7) and 16-foot tunnels. Also, 
a geometric- SMW wing-fuselage model, t y p i c a  in size of &foot 
tunnel models (thr$e times t&e size of the model tested in  the 8-foot 
tunnel), has been tested i n  the 16-foot . tunnel  (ref. 8) . The present 
paper describes  the  tests of the smaller m d e l  i n  the 1 6 - f ~ t  tunnel and . 
presents  the  resuitant  force and moment characteristics &s comparisons 
with the  previously p ~ l i s h e d  information. These  comparisons provide 
infomation on the. boundary interference  Fncludbg the effects of both 
the l i f t ing interference and the  reflected  disturbances on Bting-mounted 
lifting models teated i n  the Langley 8-foot and 16-foot transonic  tunnels. 
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%/4 pitching moment about .'/by in-lb 

%I base  pressure  coefficient, 

PO eee-stream  static  pressure, ~ / s q  ft 

RI s t a t i c  pressure at model base, lb/sq f t  

9 free-stream aynamic pressure, $V2, lb/sq f t  

R Reynolds nuniber based on E 

S wing area, s-q Pt 

APPARATUS AND TESTS 

The present  testa were made in the Langley 16-foot transonic  tunnel 
( ref .  4 ) .  The model, i t s  three-component inter-  electrical  strain-gage 
balance, and the 18-hch portion of  the  support st ing immediately r e w a r d  
of the model were the same as  teated i n  the Langley 8-foot transonic 
tunnel and reported in reference 7. The WFng was eunted on the  fuselage 
center line and had 45O sweepback referred  to  the  quarter-chord  Une, a 
taper  ratio of 0.60, an aspect r a t io  of 4, and W A  6 5 a 6  a i r f o i l  sectfons 
parrallel t o  the free stream. The fuselage was designed by cutting off 
the rearward portion of a body of' revolution with a fineness  ratio of 12 
to form a bo-dy wfth a fineness  ratio of approximately 10. Both the w3ng 
and fuselage were made of  steel. Dimensional detai ls  of the model are 
given in figure 1; ordinatee of  the  a i r foi l   sect ion and the fuselage  are 
available in reference 7. A static  orifice  located at the side of the 
sqpor t   s t ing  fn the plane of the model base was wed to  measure the 
base  pressure. 

A t  i t s  downstream end., the balance sting was attached t o  the  tunnel 
support sting by means of  angular couplings used to  augment the  pitch- 
attitude  rmge of the support system which normally has a maximum limit 
of 150 (see ref. 8) . 

Shadowgraph pictures of the air stream in the vicinity of the model 
were obtained using &tl f :2.5 lens and a shutter speed of 1/150 second. 
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A mercury-arc diverging-light  supply  placed in the  horizontal plane pass- 
through the  tunnel  center  line w&8 directed normal to  the air stream &t 
the midsection of the body. 

The  model used f o r  the tes t s  of reference 8 w&& geometrically 
s i m i k  to the model just described,  but was three times 88 large. The 
r a t io  of sting diameter at the plane of the model base to model-base 
diameter was approximately equal t o  that  for the smaller mdel.  It 
was also of similar construction,  thus minimizing the  effects of 
aeroelasticity on the data comparison. 

The smaller wing-fuselage model as tested in  the  &foot and 8-foot 
tunnels will be referred t o  hereinafter &E, the smal l  model, and the 
model that is three times as large and tes ted  in   the 16-foot  tunnel wlll 
be referred  to  as  the  large model.  Dimensions of the models and the 
tunnel test sections  are given in table I. 

The variation with Mach  nw.tiber of t e s t  Reynolds nuuiber based on the 
wing mean aerodynamic chord is presented in  figure 2. L i f t ,  drag, and 
pitching moment were  measured for  the wing-fuselage combFnation and the 
ntselage  alone at several angles of attack oyer a Mach lluniber range 
f’rom 0.60 to approxhately 1.07. Accuracies of the  presented l i f t ,  drag, 
and  pitching-moment coefficients  me  estlmated t o  be within fo.02, 
fo.002, and iO.004, respectively.  Test-section Mach  number accuracy f o r  
both  the  16-foot and 8-foot  transonic  tunnels was kO.005. The  model 
angles as  presented  are  estimated t o  be accurate t o  kO.150. No 
corrections have  been applied to  any of the data presented. 

RESULTS AND DISCUSSION 

Force and Moment Characteristics 

L i f t ,  drag, and pitching-mment data f’rom t e s t s  of the wing-fuselage 
models are  presented as functions of &ngb of attack o r  LLft coefficient 
in  figures 3 to  5. Figures 6 to 8 present  the mdel characteristics a~ 
a function of Mach nmiber..  Comparisons of the small-model fuselage-alone 
characteristics as obtained f r o m  t e s t s  Fn the Langley 16-foot and 8-foot 
transonic  tunnels are presented Fn figures 9 and 10. 3kperimenta.l points 
have  been presented wherever possible, and faired data  are used t o  
complete the comparisons. 

. 
1 

Wing fuselage at subsonic  speeds.- The evaluation of possible 
boundary-interference effects on typical model t e s t  results in the  l6-foot 
and 8-foot  transonic tunnels over the sribsonic Mach  number range i s  
accomplished by cowarisons with the  force and moment results obtained 
from the small model tested  in  the 16-foot tunnel, which are  assumed t o  

I 
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be essentially  interference  free. This asslmrption is considered  remonable 

sectional axea of tunnel is only about 0.0004 (see table I) . These 
comparisons (figs . 3 to 8) indicate generally s m a l l  differences  over the 
l o w  and medium lift range  represented by the approximately straight 3 . h ~  
part  of the lift curve. The occasional somewhat greater differences 
in  the  data a t  law Mach riders represent random experimental e r ro r  
and axe therefore not significant. More appreciable  discrepancies 
occur above an angle of attack and l i f t  coefficient of CL = 8O and 
CL = 0.6, respectively, a t  which conditions the lift-curve  slopes 
decrease,  indicating  the spread of flow separation Over the  wing-tip 
sections. The flow mer the small Leading-edge-radFus highly swept 
wing i n  this high angle-ofrattack range is known t o  be very  sensitive 
t o  model surface and stream turbulence  conditions, %king repeatability 
of t e s t   r e su l t s   d i f f i cu l t .  

h slnce the r a t i o  of maxhuum cross-sectional  area of model t o  cross- 

These results seem t o  indicate, even at the higher angles of attack, 
that subsonic  boundary-interference  effects on the  total   force and moment 
characteristics are shown t o  be small f o r  the wing-fuselage combfnations - represented  herein when tested in the 16-fmt and 8-foot transonic  tunnels. 

Wing fuselage a t  supersonic speeds.- Boundary interference is known 

transonic tunnels. Briefly, the pesence of the tunnel boundmy located 
a finite  distance from the t e s t  model permits flow disturbances which 
originate i n  the  stream at the forward sections of the model t o  be 
reflected back onto  the mare rearward. portions of the model. A t  Mach 
nuaibers high enough t o  sweep these  reflections downstream of the model 
base, the test results are  considerea c q l e t e l y  free of interference. 
For the present tests the boundary-Interference-free  condition fo r  the 
small model Fn the  16-foot tunnel i s  estlmated, by use of shadowgraph 
pictures  presented later in this paper, t o  begin at a Mach nmiber of 
about 1.045. A t  lower supersonic speeds the axial forces appeax to  be 
appreciably  influenced by boundary-reflected  disturbances only at Mach 
nmibers slightly greater than 1.0 (fig. 7(b) ) . These f i n A s  are Fn 
agreement wlth those  reported in reference 3.  Therefore, in conaidera- 
t ion  of these  observations,  the 16-foot transonic  tunnel test results 
for the small model provide 821 essentially  interference-free basis for 
evaluating the extent of interference  effects on the other data except 
at Mach nuIlibers only slightly greater  than 1.0. 

- t o  exist in  the l o w  supersonic Mach nuuiber range of slotted-test-section 

The supersonic  chmacteristics of the wing-fuselage configurations 
tes ted in the two tunneb are comgazed i n  figures 3 t o  8 In general, 
the  indicated  differences over the  supersonic Mach n&er range axe of 

in l i f t ,  drag, and pitching-momeat coefficients,  respectively, occur at 
angles of attack of 8O or larger .  It is t o  be noted that the  general 
trends of the  force and moment ch13racteristics me similar for  the 

- slight magnitude, although differences as large a~ 0 -02, 0.008, and 0.014 
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S everal   tests as a function of angle o f attack or lift coeffic 
consistent smal l  displacements of-the  curves ma--  be due to the 

ient.  The - 

effects  . 'of. J 
boundary-reflected  disturbances i n  combination k t h  possible  effecta of. 
other factors  such.as Reynolds n-miber, separation, and experimental  error. 

In  general,  the comparisons of the  results obtained from the wing- 
fuselage models tes ted  a t  lifting attitudes in the two. tunnels  are 
Fndicative of small boundary-interference effects over the  entire Mach 
number range investigated. These results should be applied t o  other 
tests with caution;.however, and only after c a r e f d  consideration of 
the  particular  configuration involved.  For example, a  configuration - . .. " 

w i t h  a  conventional  horizontal ta i l  or with a-large-  portion of the 
l if t ing  surface w e l l  downstream of the nose might haire the pitching- 
moment data seriously  affected by the boi-lnhry-reflected  disturbances. 

Fuselage alone.- Tfie force and mment-characteristics o f  the small- 
model fuselage-alone tes ts   in   the two tunnels are compared i n  figureB 9 
and 10 for varying angle of attack and Mach  n-miber, respectively. In 
general,  the compared data were in  good agreement. An exception  occurred 
in  the low supersonic Mach  ntrrnber range, where boundary-reflected 
disturbances  resulted in drag-coefficient  differences  as  large  as 0.003 
at a Mach nmiber of 1.04. Although such a drag increment i s  not  large, 
it is  significant  since it represents a sizeable percentage of the t o t a l  
body drag. The fuselage-alone drag differences  ere of approximately the - 
same magnitude as  the  differences which occurred for the small wing- 
fuselage model  comp&risons over a similar angle-of-attack and Mach num- 
ber range (see  fig. 7(b)). Therefore,  since  the  differences  for  the 
wing-fwelage t e s t s  are no greater than for  the  %elage alone, it appears 
that  drag of the w i n g  has not been affected.by the reflected  disturbances. 

.- . 

" 

Base Pressures 

Base-pressure-coefficient results o f  the small-model wing-fuselage 
and fuselage-alone  configurations  tested in the two tuzlnels are  presented 
as a function of Mach nmiber in  figure 11. The comparisons indicate some 
slight  differences in  the form of the c m s  in the compared supersonic 
range which are  attributed t o  the  passing o f  the reflected expansions and 
compressions over the regions of the model base. 

Shadowgraph Picture s 

Shadowgraph pictures of the small-model wing-fuselage and fuselage- 
alone  configurations  tested at several  angles of attack and a t  transonic 
Mach numbers in   the 16-foot  tunnel  are  presented in  figures 12 and 13. e 

In the low supersonic speed range, increases i n  the model angle of attack 
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caused  the wing lead3ng-edge  root-juncture  shocks to become  stronger and 
more normal to the  stream  (see fig. 12). The  fuselage  nose  shocks  were 
(fig. =(e)) increasing  the  angle of attack to 12.30 caused the ving 
leading-edge  root-Juncture  shock to become  sufficiently strong to  leave 
the  vicinity of the wLn@; and conibine with the  ftmelage nose shock.  (At 
the higher  angles in figs. 12 (e) and l2(f), the normal disturbances 
pictured  Inmediately  behind  the wing leading-edge root- juncture and 
fuselage-nose  shocks  axe merely the  intersection  lfne of  these  shocks 
with the  tunnel-wall wfndow. ) 

* ~imikly affected  to a smaller  degree. At a Mach n&er of 1.03 

Tests of a fuselage-alone end of wing-fuselage  conTigurations 
havtng model-to-tunnel  cross-sect~onal-area  ratios from 0 . m 3  to 0.0038 
have been  conducted in the  slotted  test  sections of the Langley 16-f'oot 
and 8-foot transonic tunnels in order  to  obtain  experimental  information 
concerning  the  effects of boundary interference on force and moment 
characteristics of typicaLm0deI.a at lift- attLt-8 for Mach nmfbers 

boundary-interference  effects on the  force and moment  characteristics of 
these  models  were small. 

- from 0.60 to 1.07. The  agreement of the  test results indicated that 

* 

Langley  Aeronautical  Iaboratory, 
National  Advisory  Committee fo r  Aeronautics, 

Langley Field, Va. 
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Wing Details 

Airfoil   section 

Area, eq It 1 
Aspect rat io  
Taper ratio 0.6 

4 
Bcidence, deg , . 0 
Dihedral, deg 0 .ZS-chord. line 

(parallel  plane of apmetry) NACA 6 5 ~ 0 0 6  

E =6.125 
, .  
, I  

20.0 j 
I 

5.5 

Fusela~s h t a l l a  

Fineness ratio 
Baa4 dinmetan 
Stlng diameter a t  base 1.g 

32.605 

Figure 1.- Model details. AU dbeneions  in inches unless  otherwise noted. 

. .  
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Small model in 16'TT 
- - - """_ Small model in 8' TT(ref.7) 
"- Large model in 16'TT (ref.8) 

Figure 2.- Variation with Mach number of test Reynolds number based on 
the mean aerodynanic chord of the m d e l  wing. 
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Figure 3 . -  Variation of angle of attack with l i f t  c'oefficient f o r  w i n g -  
fuselage configurations.  (Plain and single flaggea smolfl indicate 
data from s m a ~  model in ~angley 16-foot and 8-foot  tram0ni.c tunnels, 
respectively; cross-flagged Symbol6 indicate  data from Iarge model i n  
16-foot transonic tunnel. ) 

I c 
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I""""" 

Dmg coefficlent, CD 

Figure 4.- Variation o f  ang le  of attack with drag coefficient for the 
xlng-fuselage  configurations. (Plain and single  flagged Bymbols 
indicate data f rom 8me;L1 model in the Langley 16-foot d 8-foot 
t ransonic tunnels, respectively; cross-flagged symbols indicate 
data from large model in the &foot transonic tunael.) 

.... 



. . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 

Figure 5.- Variation of pitchin@;-mment coefficient with lift coefficient 
for the wing-fuselage configurations. (PLain and a w e  flagged symbols 
Fndlcate &ta f r c r m  m a l l  model in the Langley 16-foot and &foot transonic 
tunnels, respectively; cross-flagged synibols indicate data from large model 
in 16-foot banson ic  tunnel.) 

I t 
, I  I 
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, Small model' in 16'T.T -[I--+""- "_ """" Small Large model model in in 16'T.T 8'TT.(ref.7) (ref. 8) 

0 

.6 .a .9 1.0 1.1 1.2 
Mach number, M 

Figure 6.- Vaziation of l i f t  coefficients with Mach number for  the wing- 
fuselage configurations. ( S i n g l e  flagged symbols-indicate data f r o m  
s m a l l  mod& in the Langley 8-foot bansonic tunnel;  cross-flagged 
sy-mbols indicate data from large model in the Langley 16-foot t ranson ic  
tunnel. ) 
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."""" .."_. Smolt d e l  in 16'TT 
Small m d e l  h 8'TT (ref 7) 

"" Lorge d e l  in 16'TT (ref 8 )  

'%.5 .6 -7 .8 .9 ID 1.1 
MDeh number, M Mach number, M 

(a) Complete m e  range, 

Hgure 7. - Variation  of drag coefficient with Mach number for the wing- 
fuaebge configuratione. (si@ flagged symbols indicate data ficm 
small  model In the Langley 8-foot  transonic tunnel; cross-flagged 
symb~ls indics;te data f r o m  the large model in the ~ a n g l e y  16-foot 
transonic tunnel. ) 

. .  
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Mach number, M 
2 

(b) CL = 0'; 4'. 
Figure 7.- Concluded. 
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0 
E 

. 0 8  

.04 

0 

"04 

-.08 

-.I2 .5 .6 .7 . .8 .% LO 1.1 1.2 
Mach number, M 

Smoll model in 16'TT 

Large model in 16'TT(ref8) 
.." .. 

. .. 

Mach number, M 

Figure 8.- Vari&ion of pitching-moment coefficient  with Mach number f o r  
the wing-f'uselage configurations.  (Single  flagged symbols indicate 
data f'rom small model i n  the LELngley 8-foot  transonic tunnel; cros6- 
flagged symbols indicate data f'rom the large model in  the Langley 
&foot  transonic  tunnel.) 
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-4 0 4 8 12 16 

i 
Angle of attack,a,deg. 

16'TT 
b 8'TT 

-4 0 4 6 12 16 

Angle of otlock,a,deg. 

Figure 9.- Vmiatlon with angle' of attack of farce and moment charac- 
t e r i s t i c s  of the s m a l l  fuseLage-alone model. (Plain symbols indicate 
data for d e l  In the h @ e y  16-foot t ransonic  tunnel; flagged symbols 
indlcate data for model In the W e y  8-foot t r anson ic  tud. ) 
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16' TT 
8' T T  """" 

- 

"" 

. -  

Mach number, M 

Figure 10.- Variation  with  Mach number of'the force and moment charac- 
teriatics of the small  fuselage. (Flagged symbols  indicate data for 
model in the L a n g l e y  8-foot transonic tunnel.) 
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. 

.2 

.I 

0 

.2 

. I  

0 
.5 .6 7 .8 .9 1.0 1.1 

Moch number, M 

(b) Fuselage alone. 

Figure 11.- Concluded. 
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(a) M = 0.94. 

.. . . . 

(b) M = 0.98. 

Figure 12.- Shadowgraph pictures of the small wing-fuselage configuration 
tested in the  Langley 16-foot transonic tunnel at several Mach numbers. 
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(c) M = 1.00. 

Figure 12.- Continued. 
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(a) M = 1.01. 

Figure 12.- Continued. 
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M = 1.03. \NnCA,R 

Figure 12 .- Continued. L-S'fSSS 
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. . " 

. "  . . 

I M = 1.045. 

Figure 12 .- Concluded. 
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(a) M = 0.99. 

(b) M = 1.00. 

Figure 13. - Shadowgrapli p.ictures of the. sniail f'uselwe-alone configuration 
tested i n  the Langley 16-foot transonic tunnel a t  several Mach numbere. 
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(c) M = 1.01. 

(a) M = 1.02. 

Figure 13.-  Continued. 
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(e) M .= 1.04. 

Figure 13.- Continued. L-7 T 97 
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(f) M = 1.07. v 
L-7789% Figure 13 .- Concluded. 
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